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Impatiens walleriana (Balsaminaceae): Its
effects on plant diversity and its abiotic habitat
characteristics
Angela Braun
Biological Aspects of Conservation, University of Wisconsin-Madison
ABSTRACT
Non-native species tend to proliferate in disturbed areas and may be well-suited to the conditions found
there (Noss and Csuti, 1997). The effect of an exotic species, Impatiens walleriana, on plant species
diversity at path edges was examined in the San Luis Valley, Monteverde, Costa Rica. Morphospecies of
plants in 1m x 1m plots were collected and abundances for each recorded for 19 paired plots (38 total)
with and without I. walleriana. Shannon-Wiener Diversity Indices were calculated twice for the plots
with I. walleriana (accounting and discounting for the presence of I. walleriana) and once without I.
walleriana (mean H’ values – 1.534, 1.754, and 1.767 respectively). No significant difference was found
between the mean H’ values for the plots with I. walleriana (either accounting for or discounting for their
abundance) and the plots without I. walleriana using a Paired Sign Test. An overall H’ was also
calculated and compared with a modified t-test. A significant difference was found between the plots with
I. walleriana (including their abundance) and the plots without, suggesting that the presence of I.
walleriana affects the local species diversity. Additionally, light intensity and soil temperature were
recorded a minimum of three times per plot at morning, noon and evening time periods. Only morning
temperature exhibited any significant differences, but significant differences were found for all light
measurements at all time periods with plots containing I. walleriana receiving higher amounts of light.

RESUMEN
Una especie exotica, Impatiens walleriana (Balsaminaceae) tiene efectos en la composición de plantas en
el Valle de San Luis, Monteverde, Costa Rica. Se registraron las morfo-especies de plantas y las
cantidades en cada una en parcelas de 1m x 1m. Se registraron un total de 38 parcelas, 19 eran en el
tratamiento con I. walleriana y 19 sin I. walleriana. El Indice de diversidad Shannon-Wiener fue
calculado dos veces en las parcelas con I. walleriana (incluyendo esta especie y sin incluirla) y una vez
por las parcelas sin I. walleriana. No hubo una diferencia significativa en H’ entre las parcelas con I.
walleriana (incluyéndolas o sin incluirlas) y cuando no estaba presente (Paired Sign Test). Un H’ total fue
calculada y se comparo con un Modified t-test. Hubo una diferencia significativa entre las parcelas con I.
walleriana (incluyendo esta especie y sin incluirla) y las parcelas sin I. walleriana. Este resultado indica,
que la presencia de I. walleriana afecta negativamente la diversidad de especies de plantas. La intensidad
de luz y la temperatura de la tierra fue medida por cada parcela en la mañana, al medio día y en la tarde.
Solamente la temperatura por la mañana exhibía una diferencia significativa, pero las diferencias

significativas fueron encontradas por periodos de tiempo de intensidad de luz; las parcelas con I.
walleriana reciben más intensidad de luz.

INTRODUCTION
The introduction of non-native species into human-dominated landscapes is a common
phenomenon in nearly all parts of the world today and Monteverde is no exception. Many of
these exotic species benefit from human disturbances and spread more rapidly with the aid of
disturbed habitats (Noss and Csuti, 1997). A prominent example of this in the Monteverde region
is Impatiens walleriana (Balsaminaceae), commonly known as ‘Chinas’ originates in East
Africa. Impatiens walleriana, which was originally introduced as an ornamental in home
gardens, is now commonly found along stream beds, forest edges and path edges in the
Monteverde region (Haber, 2000).
Abiotic conditions tend to be different on the edges of forests compared to the interior of
forests. Edges are typically characterized as hotter, drier and windier habitats and the effects may
extend up to 100m into the forest (Wheelwright, 2000). These physical conditions may be
preferred by or better tolerated by exotic species or exotic species may be more successful than
native vegetation because their natural competitors and parasites are absent. It is also possible
that non-native species may be more aggressive colonizers, faster growing and more fecund than
native species (Lugo, 1997). On the other hand, exotic species may do as well as they do in new
environments because the new location more closely matches the conditions that they prefer
(Lugo, 1997).
Path edges tend to also be influenced by additional factors since they are more regularly
disturbed by humans. A study performed by Holmes (1997) found that plots located adjacent to
paths had significantly higher species richness and diversity than plots located further into the
forest interior relative to the path edge. He posits that this could be due to an intermediate level
of disturbance and the lack of taller plants, which allows for a more diverse, species rich and
dense layer of herbaceous growth. The lack of these taller plants could also allow for an
abundance of lower light-loving species in areas of high light levels.
The invasion of an exotic species may have considerable effects on local species
diversity, as sensitive or rare native species may be lost. Overall species richness may remain the
same or increase at a local site when exotic species invade (Noss and Csuti, 1997). According to
a study by Monk (CIEE Spring 2000), the presence of I. walleriana significantly reduced the
total plant species diversity and species richness in edges of intact and fragmented forests.
In this study, I aimed to compare species diversity, richness and evenness between plots
that contain I. walleriana and plots that do not contain I. walleriana. I assessed what biotic
factors (light intensity and soil temperature) may be preferred by I. walleriana at the sites where
they are present. I expected a significant difference in species diversity, with higher diversity in
plots not containing I. walleriana. Since little is known about the biotic conditions, which I.
walleriana prefer, or if I. walleriana even has strong preferences for particular biotic conditions,
I have no expectations in regards to the influence of light intensity or the soil temperature.

MATERIALS AND METHODS
Nineteen paired plots (total 38 individual plots) were sampled along the Sendero del Buen
Amigo in the San Luis Valley, Costa Rica (approx. 1260 meters above sea level). Each pair

consisted of one plot (1m x 1m) with Impatiens walleriana and one without. Qualitative notes
regarding the local topography and soil moisture were made. The plots in each pair were within
3m of each other. Morphospecies of plants present in each plot were collected and pressed in the
field for later identification and the abundance of each morphospecies was recorded.
Soil temperature and light intensity were measured during 3 time periods, referred to as
morning, noon, and evening. Each time category ranged from 7:30 a.m. – 9:00 a.m. 11 a.m. –
1pm. And 3:30p.m. – 5:00p.m., respectively. During the one month study period, these
measurements were taken a minimum of three times per plot per time period with a maximum of
nine measurements per plot. The means for each time period and for each plot were calculated
for statistical comparison. The Shannon-Wiener Diversity Index (H’) was calculated for each
plot, but the diversity index was calculated twice for the plots containing the I. walleriana, once
considering the abundance of I. walleriana and once not considering their abundance. The
calculated H’ values were compared using a Paired Sign statistical test.
A modified t-test was also calculated for each treatment (twice for the plots contained I.
walleriana as described above for the Shannon-Wiener Diversity Index) (Zar, 1984).
Differences in the mean of light intensity and soil temperature were detected for each
time period using a Paired Sign statistical test.

RESULTS
There were 88 morphospecies found in the plots containing I. walleriana (including I.
walleriana) and 96 morphospecies found in plots without I. walleriana. Forty-three of these
morphospecies were common between treatments and only 28 of these were identified to genus
(Table 1). The abundances of each of these identified species were compared between treatments
using a Paired Sign Test (Table 2). The difference was found to be significant. Evenness was
0.6981 for plots without I. walleriana and 0.7009 and 0.5328 for plots with I. walleriana,
accounting for the presence of I. walleriana and not, respectively.
Species richness were compared between the paired plots using a Paired Sign Test. The
presence of I. walleriana was both regarded and disregarded. When the presence of chinas was
regarded there was no significant difference between the treatments (Table 3). When the
presence of I. walleriana was disregarded, the difference in species richness between treatments
was significant (Table 3).
The mean H’value for the plots containing I. walleriana was 1.534 (se = 0.101).
Discounting the presence of I. walleriana, the mean H’ value was 1.754 (se = 0.0971). The mean
H’ value for plots without I. walleriana was 1.767 (se = 0.087). There was no significant
difference between the mean H’ values for the plots with I. walleriana (either accounting for the
presence of I. walleriana or discounting their presence) and the plots without I. walleriana
(Table 4).
The overall H’ values for the I. walleriana plots were 1.035 and 1.431 (considering the
abundance of I. walleriana and not, respectively). The overall H’ for plots not containing I.
walleriana was 1.384. There was no significance difference between the treatments, both
considering the presence I. walleriana and not (Table 5).
There were significant differences for morning, afternoon and evening mean light
intensity (Table 5). The average mean of light intensity was greater in plots with I. walleriana
than plots without I. walleriana (see Firgure 1).

There was no significant difference in afternoon or evening mean temperatures between plaots
with I. walleriana and plats without I. walleriana (Table 6). Significant difference was found for
the morning mean temperatures (p = 0.0490, Paired Sign). The mean for the plots without I.
walleriana tended to be slightly greater than the plots with I. walleriana (Figure 2).

DISCUSSION
The presence of I. walleriana was not found to have significant effects on the local species
diversity (except in the overall H’ results when the abundance of I. walleriana was considered).
Although the effects were not significant, the species diversity in plots without I. walleriana
tended to be greater than the plots with I. walleriana (even when presence of I. walleriana was
discounted in the computation of the diversity indices). The lowest H’ for plots without I.
walleriana was 1.1648, while the lowest H’ for plots with I. walleriana (disregarding their
presence) was 0.5512. Conversely, the highest calculated H’ for plots without I. walleriana was
2.2659 and 2.1651 for plots with I. walleriana (disregarding their presence). There is a greater
difference in the lower values than the higher values. This could be due to the fact that the plots
with I. walleriana had varying densities (from 30 individuals to 88 individuals), which would
reflect varying degrees of effects on the species composition.
These results differ from a previous study performed by Monk (2000), as she found
significant difference in the species diversity between treatments. This may suggest that exotic
species have different effects in different habitat types, forest edge compared to path edge, in this
case. This seemingly conflicting results could also be due to the varying number of individuals in
each plot with I. walleriana. While both studies had a minimum number of individuals per plot,
there was no stated maximum. Monk’s study may have had a greater frequency of plots with a
greater number of individuals in those plots with chinas than this study, which may have
contributed to overall H’ values.
While the species diversity between the treatments is very similar, suggesting that the
abundance of chinas is not presently detrimental to the species diversity, their abundance could
potentially lead to future stochastic local extinctions of certain species, as their populations are
being decreased. However, if future studies illustrate that the abundance of chinas is indeed
providing more suitable habitat for those species found in both treatments (e.g. those species
found in pots with I. walleriana normally would not be present in those high light intensity
locations, but are only present there due to shade provided y dense patches I. walleriana). This
would actually suggest that these common species are actually increasing in overall abundances.
Since the light intensities were significantly different between the treatments, this could
suggest that the plots sampled actually had different possible species compositions, for example,
species that prefer higher intensities of light (plots with I. walleriana). Comparing the plots in
the treatments may not be an accurate picture of the potential effects that I. walleriana may be
exerting on local species composition, e.g. what species they are actually out competing and
overcrowding.
It is also possible that I. walleriana may also be expanding the possible habitat for shaetolerant species, as these species may be able to thrive in the shade of the I. walleriana. This
consequently reduces the potential habitat space of light-loving native species, which may result
in an overall loss in species diversity and richness.
I. walleriana seems to prefer sites with higher light intensities. The statistical findings support
what was observed in the field. Areas along the trail, where I observed the highest density and

the largest patch size of I. walleriana, was where one side of the path had been cleared for
pasture, thereby creating a large gap. I was unable to establish a paired plot here because there
was no plot without I. walleriana that fell within 3m of a plot containing I. walleriana.
Although light intensities were significantly different, the intensity was not great enough
to drastically change soil temperatures. This could be due to the fact that plots tended to receive
ephemeral light influxes (e.g. as sunflecks) at one time period (morning, afternoon or evening),
rather than intense light influxes spread throughout the day. The latter scenario would have more
raised the temperature of the soil.
Although this study seems to implicate light intensity as a important factor in determining
what sites I. walleriana prefer, other abiotic factors should not be overlooked. Quantitative
measures of soil moisture and available soil nutrients would add further depth to these findings.
Examining sites with similar light intensities at the same time periods would potentially provide
more insight into what species I. walleriana may truly be crowding out.
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Table 1. List of identified plants, which were found in both treatments, containing I. walleriana and those
without I. walleriana. Twenty-eight of the 43 common morphospecies were positively identified.
Abundance in each treatment is also stated.
Family

Species

Acanthaceae
Acanthaceae
Amaranthaceae
Apiaceae
Araceae
Araceae
Araceae
Araceae
Araceae
Araceae
Asteraceae
Commelinaceae
Fabaceae-Mimosoideae
Fabaceae-Papilionoideae
Fabaceae-Papilionoideae
Malphighiaceae
Moraceae
Moraceae
Piperaceae
Piperaceae
Pterdiaceae
Rhamnaceae
Rubiaceae
Rubiaceae
Sapindaceae
Simaroubaceae
Styracaceae
Urticaceae

Justicia aurea
Razisea spicata
Iresine diffusa
Sanicula liberta
Anthurium flexile
Monstera sp.
Monstera sp.
Monstera sp.
Philodendron sp.
Syngonium sp.
Elephantopus mollis
Tripogandra serrulata
Inga mortoniana (?)
Lonchocarpus sp.
Pterocarpus rohrii
Malpighia glabra
Dorstenia choconiana
Sorocea trophoides
Piper auritum
Piper obliquum
Pterdium aquilium
Gouania polygama
Psychotria eurycarpa
Psychotria pittieri
Paullinia costarricense
Picramnia sp.
Styrax argenteus
Phenax sp.

Abundance with I.
walleriana
2
19
4
1
132
20
2
3
9
54
1
57
31
70
1
2
1
3
3
1
1
6
3
2
13
3
119
26

Abundance without I.
walleriana
2
81
44
1
235
185
1
6
8
86
17
111
75
61
1
1
11
7
18
2
3
6
3
4
3
16
315
5

Table 2. Paired Sign Test results for the abundances of identified species found in both treatments.
Columns are comparison of values for each plot in each treatment, with I. walleriana and without.
With > without
With < without
equal
P - value
6
17
5
0.0347
Table 3. Paired Sign Test results for coparing the species richness between treatments. Columns refer
plots with I. walleriana compared to without. No significant difference was found in species richness.
With > without
With < without
equal
P – value
Accounting for I.
4
12
3
0.0763
walleriana
Discounting for I.
2
15
2
0.0023
walleriana

Table 4. Paired Sign Test results for H’ values. Plots containing I. walleriana had two calculated H’
values, accounting and discounting for the abundance of I. walleriana. Columns depict the comparison of
H’ values for each 19 plots in each treatment, with I. walleriana and without. No significant difference
was found.
With > without
With < without
equal
P – value
Accounting for I.
5
13
0
0.0963
walleriana
Discounting for I.
9
9
0
> 0.9999
walleriana
Table 5. Modified t-test results. There were two calculated t-values, one considering the abundance of I.
walleriana and one not and therefore two comparisons with the treatment without I. walleriana.
Significant difference in the diversity between treatments was found when accounting for the abundance
of I. walleriana.
H’
T - value
df
Significant/ Not Critical t – value
Significant
With I. walleriana
(accounting for their
1.035, 1.384
5.5491
3457
S
3.300, p < 0.001
abundance)
Without I. walleriana
(not accounting for
1.431, 1.384
0.6897
2092
NS
their abundance)
Table 6. Paired Sign test results for light and temperature readings. All of the light measurements were
found to have significant differences between the treatments, while only the morning mean temperature
was found to have a significant difference.
With > without
With < without
equal
P – value
Morning light
16
3
0
0.0044
Afternoon light
15
4
0
0.0192
Evening light
16
3
0
0.0044
Morning temp
4
13
2
0.0490
Afternoon temp.
9
9
1
> 0.9999
Evening temp.
7
9
3
0.8036

